Objective To evaluate the effect of hyaluronidase in patients with failed back surgery syndrome (FBSS) treated with interlaminar lumbar epidural injection (ILEI). Method Sixty patients suffering from severe low back pain and sciatica were randomly allocated into three groups. Group T received ILEI with 2 ml triamcinolone 40 mg/ml and 5 ml bupivacaine 0.25%. Group H received ILEI with 1500 IU hyaluronidase and 5 ml bupivacaine 0.25%. Group TH received interlaminar lumbar epidural injection (ILEI) with 1500 IU hyaluronidase, 2 ml triamcinolone 40 mg/ml and 5 ml bupivacaine 0.25%. The effect was evaluated using Visual Analogue Scale (VAS) and Oswestry Disability Index (ODI) at pre-injection, 2 weeks, 6 weeks and 12 weeks after ILEI. Results After 2 weeks and after 6 weeks, patients in both Group T and Group TH had significant effectiveness more than Group H in decrease of VAS and ODI. After 12 weeks, only patients in Group TH had significant effectiveness in decrease of VAS and ODI (p<0.05). In every period, Group TH had the most effectivess in decrease of VAS and ODI after ILEI. Conclusion ILEI for FBSS with triamcinolone and hyaluronidase is considered to have more long term effectiveness to reduce pain and improve function after ILEI than injection with triamcinolone alone or hyaluronidase alone.
INTRODUCTION
Chronic low back pain refers to pain in the lower back that persists 12 months after the initial symptoms were exhibited. It has a 75% morbidity rate. 1 A common treatment for this condition is surgery. In fact, the USA had spent 2.5 billion dollars on lower back surgeries alone. 2 However, even after surgical treatments for lower back pain, lower extremity pain or neurologic symptoms would remain. These cases are defined as Failed Back
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Surgery Syndromes (FBSS). 3 FBSS occur in 5-40% of patients that underwent a back surgery 2 due to spinal stenosis, spinal segment degeneration, disc ruptures, recurred disc herniation, disc fragments remained after surgery, epidural scars, facet joint pain, sacroiliac joint pain, spinal segment instability, etc. 4 The most common cause of FBSS is an epidural scar. 5 Fibroplasia findings can generally be observed around nerve roots in magnetic resonance imaging or epidurography. 6 Fibroplasia occurs due to the fibrin created from the chronic inflammatory process that occurs following surgery and is deposited about the nerve root causing damage to the nerve root and restricting blood circulation. Fibroplasia suppresses the mobility of nerve roots. So certain motions trigger pain by stretching nerve root. 7, 8 Extremely fibroplasias limits the diffusion of drugs, thereby reducing the efficacy of drugs injected for treatment. 9 In this respect, this study intended to implement the epidural steroid injection as a treatment of low back pain and lower extremity radiating pain related with spinal lesion on FBSS. To reduce fibroplasias and to remove barriers between tissues, unlike conventional epidural steroid injection, we added hyaluronidase 10 that hydrolyzes glucosaminic bonds between hyaluronic acid which is a major intercellular substance and connective tissues. Among related previous studies, a Korean study reported that adding hyaluronidase on the nerve root blocks showed significant effects on FBSS patients. 11 Among other international studies, one study reported that the rebound radicular pain due to post-laminectomy scarring in the intervertebral foramens and epidural spaces in a 31-year old male patient were reduced by repeated hyaluronidase injections around the scars. 12 Another study reported that hyaluronidase and methylprednisolone nerve root blocks were performed on 20 FBSS patients and continuous pain relieving effects were observed in 11 out of the 20 patients for at least three months. 13 However, these studies had limitations such as: no control group, a small numbers of subjects or a failure to control elements that might affect treatment effects such as combination treatments following the procedure. The purpose of this study was to conduct randomized controlled trials on 60 FBSS patients in order to ascertain the usefulness of hyaluronidase in relieving pain. Many of the subjects had undergone a total radical laminectomy or a posterior lateral lumbar fixation (following a total radical laminectomy for instability prevention) it was believe that surgery may have affected tissues at the surgical in a wider area than in patients that had undergone a partial laminectomy. Therefore, this study was conducted under the judgment that interlaminar ligament approaches would be more suitable for the subjects than selective nerve root blockades through intervertebral foramens.
MATERIALS AND METHODS

Subjects
This study was conducted on those failed back surgery syndrome patients that visited the rehabilitation medicine department of Dong-A University Hospital between January and October 2010 because of low back pain or lower extremity radiating pain that recurred after a spinal surgery.
Among the significant findings that might trigger FBSS, this study included patients that showed magnetic resonance imaging findings of fibroplasias around nerve roots, 11 central spinal canal stenosis, lateral recess stenosis, intervertebral foramen stenosis, recurrent herniation of intervertebral disc or disc fragments remaining after surgery. The patient exclusion criteria were those with spondylolisthesis, an instability or fractures of the spine uncovered in a simple lumbar radiography that was conducted with the patient in dynamic forward flexionextension and lateral flexion postures. Other patient exclusion criteria were those that had facet joint lesions or sacroilitis revealed through magnetic resonance imaging, that was not treatable by epidural injection. In addition, among the study subjects, those that had undergone surgeries two or more times were excluded. In this study, the procedures were explained to all the patients and written consents were received from the patients. Patients with hemostatic disorders, infection, systemic steroid use or hyaluronidase had been contraindicated were excluded from this study.
Methods
The 60 patients were randomly divided into three groups: T, H, TH based on the different drugs and ILEI that were conducted. Each group received different treatments. Group T received triamcinolone and bupivacaine, group H received hyalurondiase and bupivacaine and group TH received triamcinolone, bupivacaine and hyalurondiase. The groups were compared for the degrees of pain relief and length of time during with the pain www.e-arm.org relief was maintained. ILEI was conducted when each patient was in a lateral recumbent position while his/her neck, pelvis and knees were bent. The skin and subcutaneous tissues were anesthetized by injecting 1-2 ml of lidocaine between L4 and L5 spinous processes and a 20 gage Touhy needle was inserted approximately 2-3 cm so that the needle went into the interspinal ligament. Then, a syringe containing air was attached to the needle and the needle was inserted slowly, 1-2 mm at a time until no resistance was felt. Afterward, 2 ml of nonionic radiocontrast was injected into the location of the needle to identify that the contrast was diffusing in the shape of thin strings toward the top of the image.
When the needle was identified in the epidural space through the interspinal ligament approach method, 2 ml triamcinolone 40 mg/ml and 5 ml bupivacaine 0.25%, were injected if the patient was in group T (n=20) and 1500 IU hyaluronidase and 5 ml bupivacaine 0.25% were injected if the patient was in group H (n=22). If the patient was in group TH (n=23), a mixture of 1500 IU hyaluronidase, 2 ml triamcinolone 40 mg/ml and 5 ml bupivacaine 0.25% was injected.
The effects of the procedures were evaluated by measuring the Visual Analogue Scale (VAS) and Oswestry Disability Index (ODI) before the procedures and two weeks, six weeks and 12 weeks after the procedure.
To control elements that might affect treatment effects, the patients that participated in the study were prescribed oral medicines containing the same material as their designated group for two weeks and no physical therapy was implemented.
Statistics
The SPSS 14.0 statistical program for Windows was used for all analysis. Repeated measures ANOVA and ANOVA were used for statistical analysis of changes in VAS and ODI of the three groups between before the procedures and 2, 6, and 12 weeks after the procedures. Post-hoc tests were conducted using the Tukey-Kramer method and cases where the p-value was 0.05 or smaller were considered as being statistically significant.
RESULTS
The number of study participants that visited the rehabilitation medicine department of Dong-A University Hospital, were diagnosed with FBSS and participated in this study between January and October 2010 was 65 consisting of 20 in group T, 22 in group H and 23 in group TH. Sixty patients: consisting of 20 in group T, 17 in group H www.e-arm.org and 23 in group TH could participate in a follow up until 12 weeks after the procedures. Except for the gender ratio between males/females, there were no significant differences in age, weights and time from the operation to the out-patient department visit among the three groups. Among their surgical methods, a partial laminectomy was the most common followed by a combination of a total radical laminectomy and a posterior lateral lumbar fixation and a simple total radical laminectomy in the order of precedence. Among their surgical levels, L4-5 was the most common level (Table 1) .
No significant differences were observed among the three groups in preoperative VAS and ODI (p>0.05). Based on the comparison of average values, in the group T, the average VAS value significantly decreased for two weeks after the procedure and was maintained thereafter without any further decrease. The average ODI value in the group T decreased after the procedure and then the average ODI increased for six weeks after the procedure. Finally the average ODI value had no statistically significant difference from the value before the procedure by 12 weeks after the procedure. In the group TH, the average VAS and ODI values statistically significantly decreased for two weeks and showed no significant change thereafter until six weeks following the procedure but showed findings of continuous decreases even 12 weeks after the procedure unlike group T. In the group H, no significant changes were shown in the average values in any cases of measurement after the procedure (Table 2) . Table 3 shows decreases in VAS and ODI values at 2, 6, and 12 weeks after the procedure in comparison with the values before the procedure respectively. Based on a review of decrements in VAS and ODI values, in the group T, VAS showed a constant decrement at all times and ODI showed significantly decreasing decrements between 6 weeks and 12 weeks after the procedure. In the group TH, both VAS and ODI showed findings of increasing decrements 12 weeks after the procedure when a considerable time passed after the procedure. In the group H, the values did not show any significant changes in decrements. When decrements in the three groups were compared between the time points, group TH showed larger decrements than group T in measured values of both VAS and ODI based on 12 weeks after the procedure in particular (Table 3) .
To check whether hyaluronidase was effective in re- www.e-arm.org lieving pain in the long term, the ratios of patients that showed at least a 50% reduction in pain at 6 and 12 weeks after the procedure based on VAS values were calculated by group. At 6 weeks after the procedure, 25.0% of group T, 5.9% of group H and 43.5% of group TH showed 50% or more reductions in pain. At 12 weeks after the procedure, 52.2% of group TH showed 50% or more reductions in pain but no patients in group T or group H answered that their pain decreased by 50% or more (Table 4) .
DISCUSSION
Surgeons have studied diverse materials that can minimize or prevent scar tissues in order to prevent failed back surgery syndromes. Silastic, dacrom, methacrylate, bone graft, synthetic membranes and foams, fat graft, elastase and sodium hyaluronate are examples of those materials. Although these materials were thought to cover regions between the dura mater and nerve roots when the surgery had been completed thereby suppressing the movements of fibroblasts, most study results were negative.
14 Currently, the fundamentally complete prevention of postoperative scar tissues is not possible although there might be differences in their quantities and thus the generation of scars around surgery sites is unavoidable. Scar tissue is generated following surgery. Scar tissue exists at surgery sites even when they do not directly act to trigger pain and may obstruct the progress of drugs when injection therapy is conducted in the vicinity of the surgery sites later. 9 By the given the definition of FBSS and their causal factors stated in Introduction, FBSS as defined above, can be caused by pain triggered by eminent scar tissue or recurrent due to other lesions that require treatment injections near the surgical site. It is thought that it is believed that the addition of therapeutic agents, such as hyaluonidase 10 which suppresses fibroplasia and remove barriers between tissues, would treat Therefore in the special situation of 'after a spinal surgery' , this study was intended to examine the independent effect or supplementary effect of hyaluronidase to maximize the effects of steroid and other drugs in cases where epidural steroid injections are used that can be considered as a therapeutic approach.
Factors that trigger pain in patients that complain about low back pain or lower extremity radiating pain may include nerve root compression, mechanical irritation and inflammation. 15, 16 When inflammation begins, peripheral vasodilation, edema, fibrin deposition, white blood cell agglutination, phagocytosis , etc. are involved in inflammation. During the latter period of inflammation, peripheral vascular proliferation, fibroblast proliferation, collagen deposition and scar formation occur. After undergoing these inflammation processes, nerve roots show increased Na + channel expression and mechanical sensitivity. In addition, increased cytokine expression makes the nerve roots very sensitive to pressure by sensitization. Therefore, nerve roots start to become OR become continuously and easily excited by even a very weak stimulus. 17, 18 Through these mechanisms, the fibrin generated by FBSS is around nerve roots causes damage and compression of the nerve roots and suppresses the mobility of the nerve roots thereby causing chronic pain. 7, 8 Therefore, a steroid is effective in relieving initial pain in radiculopathy but not so as effective in cases where fibroblast proliferation, collagen deposition, and scar formation around the nerve root during the latter period of the inflammatory process. 19 According to a study by Ross et al., 14 epidural scars are very closely related with radiating pain. And every time a scar size increases by 25%, the risk of radiating pain will double. If there are extensive epidural scars, the risk of radiating pain will be around 3.2 times higher. As these effects of scar tissues were discovered, hyaluronidase has been gaining increasing attention as a FBSS treatment due to its involvement in the suppression and decomposition of fibroplasias of tissues and the promotion of drug diffusion.
Hyaluronidase is an enzyme that is secreted from the intestine of mammals. Hyaluronidase hydrolyze glucosaminic bonds between hyaluronic acid and connective tissues, removes barriers between tissues to change the permeability of the connective tissues and reduces viscosity between cells as well as reduces fibrous tissue proliferation. 10 With these actions, hyaluronidase reduces swelling and edema in tissues and increases drug penetration into tissues in various injection procedures and thus it is widely used in many areas. In this study, both group T and group TH showed significant decreases in pain and inconvenience in activities of daily living by six weeks after the procedure. However, when 12 weeks had passed, unlike group T, group TH was administered both hyaluronidase and steroids showed statistically significant continuous pain relief and functional improvement. That is, the degrees of pain relief similar to those of group TH were observed in group T in the early stage after the procedure because of the inflammation suppressing the effect of the steroid. But as time passed, superior pain relief was observed in group TH compared to group T and superior results were also observed in group TH in pain relief period and in subjective senses of inconvenience. At all time points, group TH showed best results among the three groups. On the other hand, group H showed no statistically significant pain relief or functional improvement at any of the time points; 2, 6, and 12 weeks after the procedure when compared with those before the procedure. This results are considered to have been shown because, although few effects can be expected when hyaluronidase has been used independently, if it is administered together with a steroid, it will bring about synergy effects for pain relief by helping the penetration of the steroid with its unique actions of suppressing fibroplasias, collagen deposition and scar formation. A previous study was conducted by Kim et al. 20 that examined the added effects of hyaluronidase on patients with herniation of lumbar intervertebral disc. The previous study showed that the additional effect of hyaluronidase only in ODI at 8 weeks after the procedure. But this study showed the effects of hyaluronidase on FBSS patients. The drug continuously showed significant effects on both VAS and ODI until 12 weeks after the procedure. As a result, it was considered that the application of hyaluronidase might be more effective on failed back surgery syndrome patients involving fibroplasia than on simple inflammatory reactions.
Although it was not a study focused on the independent effects of hyaluronidase, a study 21 reported to compare a group of FBSS patients administered with steroid and hypertonic saline with a group that was administered hyaluronidase, steroid and hypertonic saline. In this study, the www.e-arm.org group administered with hyaluronidase and other drugs showed long-term pain relief effects. These results had supported the fact identified in this study: that although hyaluronidase cannot independently demonstrate pain relieving effects in FBSS patients, it can show added effects when used together with other drugs such as steroids.
To treat failed back surgery syndromes, it is important to remove or treat the fundamental causes that trigger the recurrence of pain along with diverse causes. Among diverse treatments of epidural scars, adhesiolysis was a recently common treatment, unlike the simple epidural injections used in this study. According to the studies, adhesiolysis is more effective than epidural steroid injections added with hyaluronidase and hypertonic saline. 4 Adhesiolysis aims to detach the dura mater and nerve roots mechanically from fibrous tissues such as membranes or bands in order to discharge inflammatory effusion, decompress epidural spaces and help the accurate transmission of drugs.
22
Adhesiolysis may be conducted in an endoscopic method or a non-endoscopic method. The endoscopic method is advantageous in that we can easily find and dissolve the fibrosis and adhesion of nerve root lesion which is not identified in MRI. 23 The non-endoscopic adhesiolysis dissolves the adhesion by having a spiral soft Racz epidural catheter made of stainless steel and coated with Teflon to pass through an adhesion or scar regions. Although adhesiolysis is more effective in treatment than epidural injections, 4 spinal endoscopic procedures are more invasive because of the insertion of the endoscopic expander. In non-endoscopic procedures, drugs are additionally injected two more times at 24 hours after the first procedure for effective treatment in some cases. An infection, such as epidural abscess, sometimes occurs 24 due to invasive and repetitive characteristics of this procedure. According to a report by Perkins et al., 25 there were cases of a broken adhesiolysis catheter that made a new radiculopathy and thus an operation was performed. Considering these factors, there are opinions that the patients should be first treated with epidural injections and endoscopic or nonendoscopic epidural adhesiolysis should be considered when epidural injection failed. 22 Limitations of this study may include the fact that internal disc disruption was not screened when study subjects were diagnosed and selected and the fact that patients' psychiatric or psychological problems 4 that acted as consider giving an example could not be excluded. In addition, since the study was conducted mainly in an out-patient department, control of the types of surgeries and surgeons could not be controlled and patient' electrodiagnositc, and radiologic information could not be sufficiently prepared. The time taken to visit the hospital after surgeries was too long. So it is possible that other diseases such as spinal stenosis and the herniation of intervertebral disc may accompany. Consequently it is difficult to study pure FBSS patients who have only fibrous tissue problem. Diverse injection methods for failed back surgery syndromes could not be accessed. In this study, the dose of hyaluronidase was only 1500 IU, therefore additional studies should be necessary on the dose that may produce maximum effects.
CONCLUSION
Failed back surgery syndrome patients were divided into three groups; a group that was administered a combination of triamcinolone and a local anesthetic (group T), a group that was administered a combination of a local anesthetic and hyaluronidase (group H) and a group that was administered asteroid, a local anesthetic and hyaluronidase (group TH) for this randomized controlled study. In decrements VAS and ODI after the procedure, group TH showed the largest effects among the three groups at all time points.
Therefore, in the case of failed back surgery syndrome patients, interlaminar lumbar epidural injections with a mixture of hyaluronidase and steroid is expected to be more efficient in reducing pain and the sense of inconvenience than steroid or hyaluronidase single therapy.
